SUMMARY Jejunal brush border glucose transport was studied in a patient with glucose-galactose malabsorption and in controls, using jejunal brush border membrane vesicles (BBMV) prepared from conventional jejunal biopsies. Whereas BBMV from controls showed a seven-fold enhancement of D-glucose uptake in the presence of an inwardly directed sodium gradient compared with its absence, no such enhancement was seen in the patient's vesicles. In BBMV from the patient, initial D-glucose uptake under sodium gradient conditions was only 10% of the mean control value. In contrast, sodium/proton exchange in BBMV from the patient was intact. These data provide the first unequivocal evidence that the jejunal brush border membrane is the site ofa specific defect in sodium dependant glucose transport in glucose-galactose malabsorption. Measurement of glucose uptake by BBMV may well be the optimal diagnostic technique in this disorder.
A congenital defect in the intestinal absorption of glucose and galactose wa's first described in 1962' 2 in two babies with profuse neonatal diarrhoea. Over 30 cases have now been reported in the literature. The defect is specific to glucose and galactose absorption, and fructose absorption, jejunal mucosal morphology, and disaccharidase activities are all normal..`Clinical tolerance to the offending monosaccharides may improve with age6 and some patients are able to tolerate some dietary glucose. Despite the relative rarity of the disorder, a number of different experimental techniques have already been used in an attempt to elucidate the precise nature of the transport defect. Indirect techniques, using perfusion studies,47 whole mucosal glucose uptake in vitro,36 and Ussing chamber studies, have all produced A technique has recently been evolved for measuring human brush border glucose transport using brush border membrane vesicles (BBMV), prepared from conventional per oral jejunal biopsies,9 and we have used this to investigate a child with glucosegalactose malabsorption.
Methods
The suspected transport defect was investigated in two ways. First, by in vivo perfusion studies to show that glucose and galactose absorption was defective in the patient. Second, by in vitro studies of sugar transport across the patient's jejunal brush border membrane, the suspected site of the defect.
CASE REPORT
The patient, a boy, was born at term weighing 3-6 kg. In the newborn period repeated episodes of profuse watery diarrhoea and severe hypernatraemic dehydration followed the Measurements of net sugar transport were made in the steady state, 120 minutes after the start of perfusion. Preliminary studies in control subjects, showed that under these perfusion conditions, with a relatively low flow rate, no differences were present in net sugar absorption between sugar solutions made up in either saline solution (0.9 g/100 ml), and those made up with water. Furthermore the electrolyte composition of the effluent using the two types of solution was not significantly different. The Two microvillus marker enzymes were used to assess brush border membrane purification. Alkaline phosphatase (EC 3.1.3.1) activity was measured using a fluorimetric procedure'3 with 0-IM methyl umbelliferyl dihydrogen phosphate as substrate in borate buffer, pH 8*8, containing 5 mmolIl MgC12 and 0-1% Triton X-100; sucrase (EC 3.2.1.48) activity was determined fluorimetrically,'4 using 0028 M sucrose as substrate. The glucose product was measured by glucose oxidase-peroxidase with homovanillic acid as fluorogen.
Protein measurements were made with the Coolmassie blue dye binding method,'5 using the Bio-Rad protein assay kit.
Both brush border marker enzymes were measured in whole tissue homogenates and in the final vesicle preparations. Specific enzyme activities were enhanced 15-20-fold in the vesicle preparations. TRANSPORT 
STUDIES
As a method control for confirming the integrity of BBMV, intact Na+/H+ exchange was confirmed in a fraction of each vesicle preparation. This requires a demonstration that an outwardly directed proton gradient (pH in<pH out) enhances sodium uptake, when compared with uptake without such a gradient (pH in=pH out). Vesicles were therefore pre-loaded with a buffer containing (in mmolIl): mannitol 300, 2(N-morpholino)-ethane sulphonic acid (MES) Tris (pH 6.0) 50, K+ gluconate 20, 01 mg/ml valinomycin, and incubated in a medium containing (in mmol/l):-mannitol 300, NaCl 0-1 (+22Na tracer), K+ gluconate 20, and either Hepes-Tris (pH 7.4) or MES-Tris 50 (pH 6.0).
To show the presence of Na+-stimulated glucose uptake, glucose uptake under inwardly directed Na+-gradient conditions (Na out>Na in), was compared with glucose uptake under non-gradient conditions (Na out=Na in). Brush border membrane vesicles were therefore preloaded with one of two buffers, containing either (in mmol/l): mannitol 300 and Hepes-Tris 50 (pH 7.4); or mannitol 100, Hepes-Tris 50 (pH 7.4) and NaCI 100, and incubated in a medium containing (mmolIl): mannitol 100, Hepes-Tris 50 (pH 7.4), NaCl 100, and D-glucose 0.1 (+3H-Dglucose tracer). Vesicles from the patient's biopsies showed marked abnormalities in D-glucose uptake at 15 seconds. There was no enhancement of uptake under Na+-gradient conditions, and Na+-stimulated uptake was significantly reduced to only 10% of the control mean, showing a severe defect in brush border Na+-dependent D-glucose transport. Additionally., at 15 seconds, under non-Na7 gradient conditions (Na+ 100 mmol/l inside and out), the patient's vesicles showed a paradoxically higher apparent glucose uptake than controls uptakes at the 90 minutes equilibrium did not differ from controls.
Na+ uptake in vesicles from the patient was normal under all conditions. Thus, an outwardly-directed H+ gradient enhanced 15 
